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(54) Cooling device for an electric rotating machine 



(57) In order to provide a rotating machine on which 
the temperature increase distribution inside the 
machine can be equalized, the present invention 
intends not only to install the primary cooler 12 in the 
primary ventilation passage 14 that extends from the 
exhaust side of the fans 1 0 and 1 1 installed on the rotat- 
ing axis 7 to the suction side of the fans 10 and 11 via 
the core but to install the secondary cooler 13 in the 



secondary ventilation passage 15 that is branched from 
the primary ventilation passage 14, thus enabling to fur- 
ther cool part of the cooling medium, which has once 
been cooled by the primary cooler 12, by means of the 
secondary cooler, that is, to cool the cooling medium by 
circulating it through the coolers twice. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a rotating 
machine that is equipped with coolers in the ventilation 
passage where a cooling medium flows. In a conven- 
tional rotating machine, as described in Japanese appli- 
cation patent laid-open publication Nos. Sho 60-162432 
(1985) or Hei 2-70247 (1990) for example, the ventila- 
tion passage where a cooling medium flows are toned 
symmetrically about the rotating axis and an axis per- 
pendicular to the rotating axis, and multiple coolers for 
cooling the cooling medium are arranged symmetrically 
about an axis perpendicular to the rotating axis and on 
top of the rotating machine. Besides, each cooler has 
the same cooling capacity. 

[0002] In the above stated conventional rotating 
machine, however, rf heat load increases according as 
the g^rferating capacity increases, significant tempera- 
ture difference is caused in the cooling medium depend- 
ing upon the distance from each cooler and local heat is 
generated inside the machine, particularly in the so- 
called air gap, the gap between the stator core and the 
rotor core. If local heat is generated in the air gap, une- 
ven thermal elongation is caused to the rotor along the 
axial direction and resultantly the thermal vibration 
stroke of the rotor is likely to become excessive. 
[0003] Increasing the heat exchange capacity of the 
coolers, that is, increasing the size of the coolers may 
be a means for solving the above problem. However, the 
absolute value of the temperature increase distribution 
along the axial direction in the air gap and the absolute 
value of the local heat can be reduced by this means but 
the temperature increase distribution along the axial 
direction in the air gap cannot be equalized simply by 
increasing the heat exchange capacity of the coolers. 
Besides, the cooling medium is not utilized efficiently in 
the above solution because it means that the air gap is 
cooled although it is already cooled sufficiently and 
requires no further cooling. 

SUMMARY OF THE INVENTION 

[0004] The present invention provides a rotating 
machine where, by equalizing the temperature increase 
distribution inside the machine, no uneven thermal elon- 
gation is caused along the axial direction of the rotor 
and resultantly the thermal vibration stroke of the rotor 
will not be excessive. 

[0005] The basic characteristic of the present 
invention is that a main cooler and a sub cooler are 
arranged and configured so that, at least, part of the 
cooling medium that has been cooled by the main 
cooler is further cooled by the sub cooler. That is. the 
cooling medium is cooled twice by the coolers. As a 
result, it is possible to supply sufficiently cooled cooling 
medium to the so-called air gap, the gap between the 



stator and rotor, along the entire axial direction. As a 
result, because local heat along the axial direction in the 
air gap can be restricted and the temperature increase 
distrtoution along the axial direction in the air gap can be 

5 equalized, no uneven thermal elongation is caused 
along the axial direction of the rotor and the thermal 
vibration stroke of the rotor will not be excessive. 
[0006] The sub cooler is smaller in size than the 
main cooler, that is, it has smaller cooling capacity. The 

10 cooling capacity can be smaller because the sub cooler 
is to cool part of the cooling medium that has been 
cooled by the main cooler, and this combination pro- 
vides more efficient cooling. Because the sub cooler is 
arranged midway in the branch duct from the fan 

is exhaust side to the stator core outside, that is, in a 
smaller space than the space where the main cooler is 
arranged, it must be small in size for ease of installation. 
For this reason, viewing the rotating machine from the 
outside, a larger cooler, which is the main cooler, and a 

20 smaller cooler, which is the sub cooler, are arranged in 
series along the axial direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0007] 

Fig. 1 is a sketch drawing of the overall composition 
of a turbine generator according to the embodiment 

1 of the present invention. 

30 Fig. 2 is a sectional view ll-ll of Fig. 1 . 

Fig. 3 is a sectional view of the internal composition 
of a turbine generator according to the embodiment 

2 of the present invention, showing an improved 
embodiment of Fig. 2. 

35 Rg. 4 is a sectional view of the internal composition 
of a turbine generator according to the embodiment 

3 of the present invention, showing a combined 
embodiment of Fig. 2 and Fig. 3. 

Rg. 5 is a sectional view of the internal composition 
40 of a turbine generator according to the embodiment 

4 of the present invention, showing an improved 
embodiment of Fig. 2. 

Fig. 6 is a sectional view of the internal composition 
of a turbine generator according to the embodiment 
45 5 of the present invention, showing an improved 
embodiment of Fig, 5. 

Fig. 7 is a sectional view of the internal composition 
of a turbine generator according to the embodiment 
6 of the present invention, showing an improved 
so embodiment of Fig. 3. 

Fig. 8 is a sectional view of a turbine generator 
according to the embodiment 7 of the present 
invention. 

Fig. 9 is a sectional view of the internal composition 
55 of a turbine generator according to the embodiment 
8 of the present invention. 
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DESCRIPTION OF THE INVENTION 

[0008] The following describes one embodiments 
according to the present invention. 
[0009] A rotating machine equipped with coolers for 
cooling the cooling medium charged inside the 
machine; said coolers comprising primary coolers 
which are arranged on both ends along the axial direc- 
tion of the rotating machine and, at least, a secondary 
cooler which is arranged between said primary coolers 
and smaller in size than said primary coolers. 
[001 0] A rotating machine equipped with coolers for 
cooling the cooling medium charged inside the 
machine; said coolers comprising multiple primary cool- 
ers which are arranged separately along the axial direc- 
tion of the rotating machine and a secondary cooler 
which is arranged between said primary coolers and 
smaller in size than said primary coolers. 
[0011] In the above stated rotating machine, the 
abpve stated coolers are arranged on top of the rotating 
machine. 

[001 2] A rotating machine equipped with coolers for 
cooling the cooling medium which is circulated inside 
the machine by the rotation of a fan installed on the 
rotating axis; said coolers comprising two or more cool- 
ers installed in ventilation passage for said cooling 
medium, wherein, at least, part of the cooling medium 
cooled by one cooler is further cooled by another cooler. 
[001 3] A rotating machine equipped with coolers for 
cooling the cooling medium which is circulated inside 
the machine by the rotation of a fan installed on the 
rotating axis; said coolers being installed in ventilation 
passage for said cooling medium and comprising the 
primary cooler installed in the primary ventilation pas- 
sage extending from the exhaust side of a fan installed 
on the above stated rotating axis to the suction side of 
said fan via the core and the secondary cooler installed 
in the secondary passage that is branched from said 
primary ventilation passage. 

[0014] A rotating machine equipped with coolers for 
cooling the cooling medium which is circulated inside 
the machine by the rotation of a fan installed on the 
rotating axis; said coolers being installed in ventilation 
passage for said cooling medium and comprising the 
primary cooler installed in the primary ventilation pas- 
sage extending from the exhaust side of a fan installed 
on the above stated rotating axis to the suction side of 
said fan via the core, and the secondary cooler installed 
at a point of joint in the secondary ventilation passage 
that is branched from said primary ventilation passage 
and is joined with other ventilation passage midway at 
said point of joint. 

[001 5] A rotating machine equipped with coolers for 
cooling the cooling medium which is circulated inside 
the machine by the rotation of a fan installed on the 
rotating axis; said coolers being installed in ventilation 
passage fa said cooling medium and comprising the 
primary cooler installed in the primary ventilation pas- 



sage extending from the exhaust side of a fan installed 
on the above stated rotating axis to the suction side of 
said fan via the core, the secondary cooler installed in 
the secondary passage that is branched from said pri- 

5 mary ventilation passage, and the tertiary cooler 
installed at a point of joint in the tertiary ventilation pas- 
sage that is branched from said primary ventilation pas- 
sage and is joined with other ventilation passage 
midway at said point of joint. 

10 [001 6] A rotating machine equipped with coolers for 
cooling the cooling medium which is circulated inside 
the machine by the rotation of a fan installed on the 
rotating axis; said coolers being installed in ventilation 
passage for said cooling medium and comprising the 

is primary cooler installed in the primary ventilation pas- 
sage extending from the exhaust side of a fan installed 
on the above stated rotating axis to the suction side of 
said fan via the stator core, and the secondary cooler 
installed in the secondary ventilation passage extending 

20 from the exhaust side of the above stated fan in said pri- 
mary ventilation passage to the inside of the above 
stated stator core via the above stated stator core. 
[0017] A rotating machine equipped with coolers for 
cooling the cooling medium which is circulated inside 

25 the machine by the rotation of a fan installed on the 
rotating axis; said coolers being installed in ventilation 
passage for said cooling medium and comprising the 
primary cooler installed in the primary ventilation pas- 
sage extending from the exhaust side of a fan installed 

30 on the above stated rotating axis to the suction side of 
said fan via the stator core, and the secondary cooler 
installed at a point of joint in the secondary ventilation 
passage that extends from the exhaust side of the 
above stated fan in said primary ventilation passage to 

35 the inside of the above stated stator core via the above 
stated stator core and meets other ventilation passage 
before reaching the above stated stator core. 
[0018] A rotating machine equipped with coolers for 
cooling the cooling medium which is circulated inside 

40 the machine by the rotation of a fan installed on the 
rotating axis; said coolers being installed in ventilation 
passage for said cooling medium and comprising the 
primary cooler installed in the primary ventilation pas- 
sage extending from the exhaust side of a fan installed 

45 on the above stated rotating axis to the suction side of 
said fan via the stator core, the secondary cooler 
installed in the secondary ventilation passage that 
extends from the exhaust side of the above stated fan in 
said primary ventilation passage to the inside of the 

50 above stated stator core via the above stated stator 
core, and the tertiary cooler installed at a point of joint in 
the tertiary ventilation passage that extends from the 
exhaust side of the above stated fan in said primary 
ventilation passage to the inside of the above stated sta- 

55 tor core via the above stated stator core and meets 
other ventilation passage before reaching the above 
stated stator core. 

[0019] In the above stated rotating machine, ther- 
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mal insulation is provided to the ventilation passage 
extending from the exhaust side of the above stated fan 
in the primary ventilation passage to the inside of the 
above stated stator core. 

[0020] In the above stated rotating machine, the 
above stated stator core is equipped along the axial 
direction with multiple ventilation ducts through which 
the cooling medium is circulated along the radial direc- 
tion, and also the ventilation area per unit length of said 
ventilation duct is varied according to the ventilation 
direction of the cooling medium. 
[0021] A rotating machine equipped with coolers for 
cooling the cooling medium which is circulated inside 
the machine by the rotation of a fan installed on the 
rotating axis; said coolers being installed in ventilation 
passage for said cooling medium and comprising the 
primary cooler installed in the primary ventilation pas- 
sage extending from the exhaust side of a fan installed 
on the above stated rotating axis to the suction side of 
said tSHt'via the stator core, and the secondary cooler 
installed in the secondary ventilation passage that 
extends from before the above stated primary cooler in 
said primary ventilation passage to the exhaust side of 
the above stated fan via the end of the above stated sta- 
tor core. 

[0022] A rotating machine equipped with coolers for 
cooling the cooling medium which is circulated inside 
the machine by the rotation of a fan installed on the 
rotating axis; said coolers being installed in ventilation 
passage for said cooling medium and comprising the 
primary cooler installed in the primary ventilation pas- 
sage extending from the exhaust side of the primary fan 
installed on one end of the above stated rotating axis to 
the suction side of said primary fan via the core, and the 
secondary cooler installed in the secondary ventilation 
passage, which is shorter in length than the above 
stated primary ventilation passage, extending from the 
exhaust side of the secondary fan installed on the other 
end of the above stated rotating axis to the suction side 
of said secondary fan via the core. 
[0023] The embodiments of the present invention 
win be explained below in reference with the accompa- 
nying drawings. 

[Embodiment 1] 

[0024] Fig. 1 shows the overall composition of a tur- 
bine generator according to the embodiment 1 and Fig. 
2isasectionalviewll-llof Fig. 1. Denotation 1 inthefig- 
ure represents the stator housing. A cylindrical stator 
core 2 is provided inside the housing. Multiple continu- 
ous slots are formed on the inner surface of the stator 
core 2, and the stator winding 3 is enclosed inside the 
slots. Multiple continuous ventilation ducts 4 are pro- 
vided on the stator core 2 along its radial direction at a 
nearly equal axial pitch. 

[0025] The rotor core 6 is provided inside the stator 
core 2 leaving the so-called air gap 5. Denotation 7 rep- 



resents the rotating axis. The rotating axis 7, which is 
formed into one piece with the rotor core 6, stretches 
from both ends of the rotor core 6 along the axial direc- 
tion and is supported by the bearings mounted inside 

5 the end bracket 8 covering the both ends of the stator 
housing 1. Multiple slots are formed on the outer sur- 
face of the rotor core 6. and the rotor winding is 
enclosed inside the slots. Both ends of the rotor winding 
is fastened by the retaining ring 9. 

io [0026] The fans 10 and 11 are provided on each 
end of the rotating axis 7. The fans 10 and 11 rotate 
along with the rotating axis 7 and circulate the charged 
cooling medium, such as air or hydrogen gas, in the 
machine. Multiple ventilation passage for smooth circu- 

75 lation of the cooling medium are provided inside the 
machine symmetrically about the rotating axis 7 and an 
axis perpendicular to the rotating axis 7. Multiple cool- 
ers are arranged midway in the ventilation passage and, 
at the same time, on top of the generator. Composition 

20 of the ventilation passage and arrangement of the cool- 
ers depend upon the ventilation system of the cooling 
medium. According to this embodiment, so-called multi- 
flow system is employed, where the cooling medium 
cooled by the coolers circulates in two directions 

25 through the ventilation duct 4; along the stator core 2 
outside and along the air gap 5. 
[0027] For this purpose, the primary ventilation pas- 
sage 14a is arranged to run inside the machine, com- 
prising the ventilation passage 26 from the stator 

30 housing 1 inside to the fan 10 suction side, the ventila- 
tion passage 29 from the fan 10 suction side to the air 
gap 5, the air gap 5, the ventilation duct 4, and the ven- 
tilation passage 27 between the stator core 2 outside, 
including a space opposite to the outside of the end 

35 spaces of the stator core 2, and the stator housing 1 
inside. The main cooler 12a is installed in the ventilation 
passage 27 opposite to the fan 10 outside. 
[0028] The primary ventilation passage 14b is also 
arranged to run inside the machine, comprising the ven- 

40 tilatton passage 30 from the stator housing 1 inside to 
the fan 1 1 suction side, the ventilation passage 32 from 
the fan 1 1 suction side to the air gap 5, the air gap 5, the 
ventilation duct 4, and the ventilation passage between 
the stator core 2 outside, including a space opposite to 

45 the outside of the end spaces of the stator core 2, and 
the stator housing 1 inside. The main cooler 12b is 
installed in the ventilation passage 27 opposite to the 
fan 1 1 outside. 

[0029] The secondary ventilation passage 15a is 
so arranged to run between the fan 10 exhaust side and 
the air gap 5, comprising the ventilation passage 28 
consisting of the end spaces at the fan 10 side of the 
stator core 2, the ventilation passage 33 from the venti- 
lation passage 28 to the stator core 2 outside, and the 
55 ventilation duct 4. The sub cooler 13a is installed mid- 
way in the ventilation passage 33. The secondary venti- 
lation passage 15b is arranged to run between the fan 
1 1 exhaust side and the air gap 5, comprising the venti- 
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lation passage 31 consisting of the end spaces at the 
fan 1 1 side of the stator core 2, the ventilation passage 
34 from the ventilation passage 31 to the stator core 2 
outside, and the ventilation duct 4. The sub cooler 13b 
is installed midway in the ventilation passage 34. 
[0030] The primary ventilation passage 1 4a and the 
secondary ventilation passage 15a are arranged sym- 
metrically about an axis perpendicular to the rotating 
axis 7, and so are the primary ventilation passage 14b 
and the secondary ventilation passage 15b. The main 
cooler 12 and the sub cooler 13 differ in the cooling 
capacity and, according to this embodiment, the cooling 
capacity of the sub cooler 13 is smaller than that of the 
main cooler 12. Accordingly, the sub cooler 13 is smaller 
in size than the main cooler 12. The main coolers 12a 
and 12b are arranged symmetrically about an axis per- 
pendicular to the rotating axis 7, and so are the sub 
coolers 1 3a and 1 3b. Viewing the rotating machine from 
the outside, the main cooler 12 and the sub cooler 13 
are^rranged in series along the axial direction on top of 
the machine, the main coolers 1 2a and 12b are located 
on both ends along the axial direction, and the sub cool- 
ers 1 3a and 1 3b are arranged between the main coolers 
12a and 12b. 

[0031] The cooling water supply pipe 37a for sup- 
plying cooling water and the cooling water discharge 
pipe 38a for discharging cooling water are connected to 
the main cooler 12a and the sub cooler 13a. The coding 
water supply pipe 37b for supplying cooling water and 
the cooling water discharge pipe 38b for discharging 
cooling water are connected to the main cooler 12b and 
the sub cooler 13b. 

[0032] Although the cooling water supply pipe 37a 
and the cooling water discharge pipe 38a are connected 
commonly to the main cooler 12a and the sub cooler 
1 3a and the cooling water supply pipe 37b and the cool- 
ing water discharge pipe 38b are connected commonly 
to the main cooler 12b and the sub cooler 13b according 
this embodiment, it is allowable to connect an individual 
cooling water supply pipe and cooling water discharge 
pipe to each cooler, or to connect the pipes commonly 
to the main coolers 12a and 12b and also to the sub 
coolers 13a and 13b. Denotation 39 in the figure repre- 
sents the current collector to supply power to the rotor 
winding. 

[0033] Hereunder, circulation of the cooling medium 
is explained. The cooling medium cooled by the main 
cooler 12a is circulated, as it cools the ventilation pas- 
sage 26, toward the fan 10 suction side by the rotation 
of the fan 10, and branched at the fan 10 exhaust side 
into the ventilation passage 28 and the ventilation pas- 
sage 29. The cooling medium branched into the ventila- 
* tion passage 29 is circulated toward the main cooler 
12a as it cools the end of the rotor core 6 at the fan 10 
side in the ventilation passage 29. the stator core 2 
inside and the rotor core 6 outside in the air gap 5, the 
stator core 2 inside in the ventilation duct 4, and the gap 
between the stator core 2 and the stator housing 1 in the 



ventilation passage 27, sequentially. 
[0034] The cooling medium branched into the venti- 
lation passage 28 is circulated toward the ventilation 
passage 33 as it cools the end of the stator core 2 at the 

5 fan 10 side and the end of the stator winding 3 in the 
ventilation passage 28. The cooling medium circulated 
through the ventilation passage 33 is cooled by the sub 
cooler 13a on its way. The cooling medium cooled by 
the sub cooler 13a reaches the stator core 2 outside, 

10 cools the stator core 2 inside in the ventilation duct 4 
and the stator core 2 inside and the rotor core 6 outside 
in the air gap 5, sequentially, and then meets with the 
cooling medium from the ventilation passage 29 and is 
circulated together toward the main cooler 12a. 

15 [0035] On the other hand, the cooling medium 
cooled by the main cooler 12b is circulated, as it cools 
the ventilation passage 30. toward the fan 11 suction 
side by the rotation of the fan 1 1 , and branched at the 
fan 1 1 exhaust side into the ventilation passage 31 and 

20 the ventilation passage 32. The cooling medium 
branched into the ventilation passage 32 is circulated 
toward the main cooler 12b as it cools the end of the 
rotor core 6 at the fan 1 1 side in the ventilation passage 
32, the stator core 2 inside and the rotor core 6 outside 

25 in the air gap 5, the stator core 2 inside in the ventilation 
duct 4, and the gap between the stator core 2 and the 
stator housing 1 in the ventilation passage 27. sequen- 
tially. 

[0036] The cooling medium branched into the venti- 

30 lation passage 31 is circulated toward the ventilation 
passage 34 as it cools the end of the stator core 2 at the 
fan 1 1 side and the end of the stator winding 3 in the 
ventilation passage 31. The cooling medium circulated 
through the ventilation passage 34 is cooled by the sub 

35 cooler 13b on its way. The cooling medium cooled by 
the sub cooler 13b reaches the stator core 2 outside, 
cools the stator core 2 inside in the ventilation duct 4 
and the stator core 2 inside and the rotor core 6 outside 
in the air gap 5, sequentially, and then meets the cooling 

40 medium from the ventilation passage 32 and is circu- 
lated together toward the main cooler 12b. 
[00371 According to the embodiment 1 , because a 
sub cooler 13, separately from the main cooler 12, is 
provided midway in the secondary ventilation passage 

45 15 that is branched from the primary ventilation pas- 
sage 14, the temperature increase distribution along the 
axial direction in the air gap 5, including the ventilation 
passage 29 and 32, can be equalized. 
[0038] That is to say, in a rotating machine where 

so the cooling medium cooled by the coolers installed on 
both ends of the machine is circulated by the multi-flow 
ventilation system, if heat load increases according as 
the generation capacity increases, temperature of the 
cooling medium increases to some extent before the 

55 cooling -medium reaches the center of the air gap. 
Accordingly, the cooling effect at the said area becomes 
low and local heat is generated along the axial direction 
in the air gap. 
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[0039] According to this embodiment, however, 
because a sub cooler 13, separately from the main 
cooler 12, is provided midway in the secondary ventila- 
tion passage 15 that is branched from the primary ven- 
tilation passage 14 and part of the cooling medium that 
has been cooled by the main cooler 1 2 is further cooled 
by the sub cooler 13, that is, cooled twice through the 
coolers so that sufficiently cooled cooling medium can 
be supplied to the center of the air gap, generation of 
local heat can be restricted and the temperature 
increase distribution along the axial direction in the air 
gap 5, including the ventilation passage 29 and 32, can 
be equalized. As a result, the thermal vibration stroke of 
the rotor caused by uneven thermal elongation of the 
rotor along the axial direction can be controlled. 
[0040] According to the embodiment 1 , a small sub 
cooler 13 having smaller cooling capacity than the main 
cooler 12 is arranged midway in the secondary ventila- 
tion passage 15. The reason for installing a small sub 
coole^T3 having smaller cooling capacity than the main 
cooler 12 as above is that, because the sub cooler 13 is 
used to cool part of the cooling medium that has been 
cooled by the main cooler 12, its cooling capacity can 
be as small as the capacity of the cooling medium circu- 
lated in the secondary ventilation passage 15 and that 
higher cooling efficiency can be expected in this sys- 
tem. In addition, sharing the cooling performance by two 
coolers leads to such advantage that the cooling capac- 
ity of the main cooler 12 itself can also be reduced. 
Because the sub cooler 13 : is to be arranged in a smaller 
space than the space where the main cooler is installed, 
it must be smaller in size for smooth arrangement. 

[Embodiment 2] 

[0041] Fig. 3 shows the composition of a turbine 
generator according to the embodiment 2. This embod- 
iment is a modification to the embodiment 1 . According 
to this embodiment, the ventilation passage 33 which is 
part of the secondary ventilation passage 15a and the 
ventilation passage 34 which is part of the secondary 
ventilation passage 15b are joined midway, and a sub 
cooler 13 is installed at the joint. Viewing the machine 
from the outside, the main cooler 12 and the sub cooler 
1 3 are arranged in series along the axial direction on top 
of the machine, the main coolers 12a and 12b are 
located on both ends along the axial direction, and the 
sub cooler 13 is arranged between the main coolers 12a 
and 12b. 

[0042] According to the ventilation system of this 
embodiment configured as above, the cooling medium 
branched at the fan 10 exhaust side into the ventilation 
passage 28 and the cooling medium branched at the 
fan 1 1 exhaust side into the ventilation passage 32 are 
joined before the stator core 2 outside and cooled by the 
sub cooler 13. The cooled cooling medium is circulated 
from the stator core 2 outside to the air gap 5 through 
the ventilation duct 4 and branched into the ventilation 



passage 29 and 32. The cooling medium branched into 
the ventilation passage 29 meets the cooling medium 
circulated through the ventilation passage 29. The cool- 
ing medium branched into the ventilation passage 32 
5 meets the cooling medium circulated through the venti- 
lation passage 32. 

[0043] According to the embodiment 2, because a 
sub cooler 13, separately from the main cooler 12, is 
provided midway in the secondary ventilation passage 

10 15 that is branched from the primary ventilation pas- 
sage 14 and part of the cooling medium that has been 
cooled by the main cooler 12 is further cooled by the 
sub cooler 13, that is, cooled twice through the coolers 
so that sufficiently cooled cooling medium can be sup- 

15 plied to the center of the air gap, generation of local heat 
can be restricted and the temperature increase distribu- 
tion along the axial direction in the air gap 5, including 
the ventilation passage 29 and 32, can be equalized. As 
a result, similarly to the previous embodiment, the ther- 

20 mal vibration stroke of the rotor caused by uneven ther- 
mal elongation of the rotor along the axial direction can 
be controlled. 

[Embodiment 3] 

25 

[0044] Fig. 4 shows the composition of a turbine 
generator according to the embodiment 3. This embod- 
iment is a combination of the embodiments 1 and 2. 
According to this embodiment the secondary ventila- 
30 tion passage 15 and the tertiary ventilation passage 16 
are branched from the primary ventilation passage 14 at 
the fan exhaust side. 

[0045] To be concrete, the secondary ventilation 
passage 15a is arranged to run between the fan 10 

35 exhaust side and the air gap 5, comprising the ventila- 
tion passage 28 consisting of the end spaces at the fan 
10 side of the stator core 2, the ventilation passage 33 
from the ventilation passage 28 to the stator core 2 out- 
side, and the ventilation duct 4. The sub cooler 13a is 

40 installed midway in the ventilation passage 33. 

[0046] The secondary ventilation passage 15b is 
arranged to run between the fan 11 exhaust side and 
the air gap 5, comprising the ventilation passage 31 
consisting of the end spaces at the fan 11 side of the 

45 stator core 2, the ventilation passage 34 from the venti- 
lation passage 31 to the stator core 2 outside, and the 
ventilation duct 4. The sub cooler 13b is installed mid- 
way in the ventilation passage 34. 
[0047] In addition, the tertiary ventilation passage 

so 1 6a is arranged to run between the fan 1 0 exhaust side 
and the air gap 5, comprising the ventilation passage 28 
consisting of the end spaces at the fan 10 side of the 
stator core 2, the ventilation passage 35 from the venti- 
lation passage 28 to the stator core 2 outside, and the 

55 ventilation duct 4; and the tertiary ventilation passage 
1 5b is arranged to run between the fan 1 1 exhaust side 
and the air gap 5, comprising the ventilation passage 31 
consisting of the end spaces at the fan 1 1 side of the 
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stator core 2, the ventilation passage 36 from the venti- 
lation passage 31 to the stator core 2 outside, and the 
ventilation duct 4. 

[0048] The ventilation passage 35 and 36 are 
joined midway. A sub cooler 13c is installed at the joint. 
Viewing the machine from the outside, the main cooler 
12 and the sub cooler 13 are arranged in series along 
the axial direction on top of the machine, the main cool- 
ers 12a and 12b are located on both ends along the 
axial direction, and the sub coolers 13a, 13b and 13c 
are arranged between the main coolers 12a and ia>. 
[0049] According to the ventilation system of this 
embodiment configured as above, the cooling medium 
branched at the fan 10 exhaust side into the ventilation 
passage 28 is circulated through the ventilation pas- 
sage 28, as it cools the end of the stator core 2 at the 
fan 1 0 side, and branched at the outside of the passage. 
One part of the branched cooling medium is circulated 
through the ventilation passage 33 and cooled by the 
sub^ooler 13a on its way. The cooling medium cooled 
by the sub cooler 1 3a reaches the stator core 2 outside 
and cools the stator core 2 inside in the ventilation duct 
4, and then reaches the air gap 5. 
[0050] The other part of the branched cooling 
medium is circulated through the ventilation passage 

35, and then meets the cooling medium circulated from 
the ventilation passage 36. which is explained later, and 
is cooled by the sub cooler 13c together. The cooling 
medium cooled by the sub cooler 13c cools the stator 
core 2 inside in the ventilation duct 4, and then reaches 
the air gap 5. 

[0051] On the other hand, the cooling medium 
branched at the fan 1 1 exhaust side into the ventilation 
passage 31 is circulated through the ventilation pas- 
sage 31. as it cools the end of the stator core 2 at the 
fan 11 side and the end of the stator winding 3, and 
branched at the outside of the passage. One part of the 
branched cooling medium is circulated through the ven- 
tilation passage 34 and cooled by the sub cooler 13b on 
its way. The cooling medium cooled by the sub cooler 
1 3b reaches the stator core 2 outside and cools the sta- 
tor core 2 inside in the ventilation duct 4, and then 
reaches the air gap 5. 

[0052] The other part of the branched cooling 
medium is circulated through the ventilation passage 

36, and then meets the above stated cooling medium 
circulated from the ventilation passage 35 on its way 
and is cooled by the sub cooler 13c together. The cool- 
ing medium cooled by the sub cooler 1 3c cools the sta- 
tor core 2 inside in the ventilation duct 4, and then 
reaches the air gap 5. 

[0053] Besides, the cooling medium circulated from 
* the ventilation passage 33 to the air gap 5 through the 
ventilation duct 4 is branched at the air gap 5. Then, one 
part meets the cooling medium circulated from the ven- 
tilation passage 29. and the other part meets the cool- 
ing medium that has been cooled by the sub cooler 13c 
and circulated to the air gap 5 through the ventilation 



duct 4. The cooling medium circulated from the ventila- 
tion passage 34 to the air gap 5 through the ventilation 
duct 4 is branched at the air gap 5. Then, one part 
meets the cooling medium circulated from the ventila- 

5 tion passage 32, and the other part meets the cooling 
medium that has been cooled by the sub cooler 1 3c and 
circulated to the air gap 5 through the ventilation duct 4. 
[0054] Both the cooling medium that joins the cool- 
ing medium circulated from the ventilation passage 33 

10 to the air gap 5 through the ventilation duct 4 and the 
cooling medium cooled by the sub cooler 13c and circu- 
lated to the air gap 5 through the ventilation duct 4 and 
the cooling medium that joins the cooling medium circu- 
lated from the ventilation passage 34 to the air gap 5 

15 through the ventilation duct 4 and the cooling medium 
cooled by the sub cooler 13c and circulated to the air 
gap 5 through the ventilation duct 4 are circulated to the 
ventilation passage 27 through the ventilation duct 4. 
[0055] According to the embodiment 3, because a 

20 sub cooler 13, separately from the main cooler 12, is 
provided midway in the secondary ventilation passage 
15 that is branched from the primary ventilation pas- 
sage 1 4. and another sub cooler 1 3, separately from the 
main cooler 12, is provided midway in the tertiary venti- 

25 lation passage 16 that is branched from the primary 
ventilation passage 14, and part of the cooling medium 
that has been cooled by the main cooler 12 is further 
cooled by the sub cooler 13, that is, cooled twice 
through the coolers so that sufficiently cooled cooling 

30 medium can be supplied to the center of the air gap, 
generation of local heat can be restricted and the tem- 
perature increase distrtoution along the axial direction in 
the air gap 5, including the ventilation passage 29 and 
32, can be equalized. As a result, similarly to the previ- 

35 ous embodiment, the thermal vibration stroke of the 
rotor caused by uneven thermal elongation of the rotor 
along the axial direction can be controlled. 

[Embodiment 4] 

40 

[0056] Fig. 5 shows the composition of a turbine 
generator according to the embodiment 4. This embod- 
iment is a modification to the embodiment 1 . According 
to this embodiment, the tertiary ventilation passage 16 

45 is formed so that one part of the cooling medium that 
has been cooled by the sub cooler 13a, circulated to the 
air gap 5 through the ventilation duct 4 and then 
branched there and one part of the cooling medium that 
has been cooled by the sub cooler 1 3b, circulated to the 

so air gap 5 through the ventilation duct 4 and then 
branched there are joined and circulated to the ventila- 
tion passage 27 through the ventilation duct 4. The 
composition viewing from the outside of the machine is 
similar to that of the embodiment 1 . 

55 [0057] According to the embodiment 4, because a 
sub cooler 13, separately from the main cooler 12, is 
provided midway in the secondary ventilation passage 
15 that is branched from the primary ventilation pas- 
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sage 14, and part of the cooling medium that has been 
cooled by the main cooler 12 is further cooled by the 
sub cooler 13, that is, cooled twice through the coolers 
so that sufficiently cooled cooling medium can be sup- 
plied to the center of the air gap, generation of local heat 
can be restricted and the temperature increase distribu- 
tion along the axial direction in the air gap 5, including 
the ventilation passage 29 and 32, can be equalized. As 
a result, similarly to the previous embodiment, the ther- 
mal vibration stroke of. the rotor, caused by uneven ther-. 
mal elongation of the rotor along the axial direction can 
be controlled. 

[Embodiment 6] 

[0058] Fig. 6 shows the composition of a turbine 
generator according to the embodiment 5. This embod- 
iment is a modification to the embodiment 4. According 
to this embodiment, locations and number of units of the 
main poblers are different in the arrangement. The main 
cooler 12a is installed in the ventilation passage from 
the ventilation duct 4 of the primary ventilation passage 
14a to the ventilation passage 27, and the main cooler 
12b is installed in the ventilation passage from the ven- 
tilation duct 4 of the primary ventilation passage 1 4b to 
the ventilation passage 27. In addition, the main cooler 
1 3c is newly installed in the ventilation passage from the 
ventilation duct 4 of the tertiary ventilation passage to 
the ventilation passage 27. In the same manner as in 
the embodiment 4, the sub cooler 13a is installed in the 
ventilation passage 33 and the sub cooler 13b in the 
ventilation passage 34. Viewing the machine from the 
outside, the main cooler 12 and the sub cooler 13 are 
arranged in series along the axial direction on top of the 
machine, the main coolers 1 2a, 1 2b and 1 2c are located 
separately along the axial direction, the sub cooler 13a 
is arranged between the main coolers 12a and 12c. and 
the sub cooler 13b is arranged between the main cool- 
ers 12b and 12c. 

[0059] According to the embodiment 5, because a 
sub cooler 13. separately from the main cooler 12, is 
provided midway in the secondary ventilation passage 
15 that is branched from the primary ventilation pas- 
sage 14, and part of the cooling medium that has been 
cooled by the main cooler 12 is further cooled by the 
sub cooler 13, that is. cooled twice through the coolers 
so that sufficiently cooled cooling medium can be sup- 
plied to the center of the air gap, generation of local heat 
can be restricted and the temperature increase distribu- 
tion along the axial direction in the air gap 5, including 
the ventilation passage 29 and 32, can be equalized. As 
a result, similarly to the previous embodiment the ther- 
mal vibration stroke of the rotor caused by uneven ther- 
mal elongation of the rotor along the axial direction can 
be controlled. 



[Embodiment 6] 

[0060] Fig. 7 shows the composition of a turbine 
generator according to the embodiment 6. This embod- 

5 iment is a modification to the embodiment 2. According 
to this embodiment thermal insulation. 37 is-provided to . 
the ventilation passage 33 and 34. The thermal insula- 
tion 37 is made of insulation material such as glass 
wool, and laid around the inner or outer wall of the ven- 

10 tilation passage. 

[0061] The reason for installing the thermal insula- 
tion 37 is that, because the ventilation passage 33 and 
34 are installed inside the ventilation passage fa the 
cooling medium that is circulated from the air gap 5 to 

is the stator core 2 outside through the ventilation duct, 
that is, the cooling medium that has been utilized to cool 
the stator core 2 and become hot, the cooling medium 
circulated through the ventilation passage 33 and 34 
are subjected to heat exchange with the cooling 

20 medium circulated from the air gap 5 to the stator core 
2 outside through the ventilation duct. If any heat is to 
be exchanged, the cooling effect of the sub cooler 13 
installed at the joint of the ventilation passage 33 and 34 
will reduce and, as a result, the cooling effect at the 

25 center of the air gap 5 will also reduce. 

[0062] For this reason, according to this embodi- 
ment, the thermal insulation 37 is laid over the inner or 
outer wall of the ventilation passage 33 and 34 so as to 
eliminate possible heat exchange with the cooling 

30 medium circulated from the air gap 5 to the stator core 
2 outside through the ventilation duct 4, and the effec- 
tiveness of the embodiment 2 can be enhanced further. 
[0063] In addition, according to the embodiment, 
axial pitch of the ventilation ducts 4 is varied. In short, in 

35 order to equalize the temperature increase distribution, 
it is important to circulate the cooling medium effectively 
onto locally heated area. Thus, according to this 
embodiment, the axial pitch of the ventilation ducts 4, 
through which the cooling medium is circulated from the 

40 air gap 5 to the stator core 2 outside, is made longer 
and, as a result the equivalent ventilation area per unit 
length is reduced so as to control the flow rate of the 
cooling medium circulated to the stator core 2 outside. 
[0064] In addition, by reducing the axial pitch of the 

45 ventilation ducts 4 through which the cooling medium is 
circulated from the stator core 2 outside to the air gap 5 
and, as a result, increasing the equivalent ventilation 
area per unit length, the flow rate of the cooling medium 
circulated to the center of th$ air gap 5 is increased. 

so [0065] According to this embodiment, because 
more cooling medium can be supplied to. the. center- of 
the air gap 5 as above and cool it better, the effective- 
ness in the embodiment 2 can be enhanced further. It is 
noted that the composition of this embodiment can be 

55 applied not only to the embodiment 2 but to others. 
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[Embodiment 7] 

[0066] Fig. 8 shows the composition of a turbine 
generator according to the embodiment 7. This embod- 
iment employs so-called single reverse-flow system, 
where the cooling medium cooled by a cooler is circu- 
lated in one direction from the stator core 2 outside to 
the air gap 5 through the ventilation duct 4. 
[0067] Because of this system, the primary ventila- 
tion passage 14a is arranged to run inside the machine, 
comprising the ventilation passage 17 from the fan 10 
exhaust side to the stator housing 1 inside, the ventila- 
tion passage 25 from the stator core 2 outside to the 
stator housing 1 inside, the ventilation duct 4, the air 
gap 5, and the ventilation passage 20 from the air gap 5 
to the fan 10 suction side. The main cooler 12a is 
arranged in the ventilation passage 25 that is opposite 
to the outside of the end spaces at the fan 1 0 side of the 
stator core 2. 

[006$] The primary ventilation passage 14b is also 
arranged to run inside the machine, comprising the ven- 
tilation passage 21 from the fan 1 1 exhaust side to the 
stator housing 1 inside, the ventilation passage 25 from 
the stator core 2 outside to the stator housing 1 inside, 
the ventilation duct 4, the air gap 5. and the ventilation 
passage 24 from the air gap 5 to the fan 1 1 suction side. 
The main cooler 12b is arranged in the ventilation pas- 
sage 25 that is opposite to the outside of the end spaces 
at the fan 1 1 side of the stator core 2. 
[0069] The ventilation passage 1 9, which is the sec- 
ondary ventilation passage 15a, comprising the end 
spaces at the ten 1 0 side of the stator core 2 is arranged 
between this side of the main cooler 12a in the ventila- 
tion passage 17 and the ventilation passage 20. The 
sub cooler 13a is installed close to the periphery 
(branched side from the ventilation passage 17) in the 
secondary ventilation passage 15a. The ventilation pas- 
sage 23, which is the secondary ventilation passage 
1 5a, comprising the end spaces at the fan 1 1 side of the 
stator core 2 is arranged between this side of the main 
cooler 12b in the ventilation passage 21 and the ventila- 
tion passage 24. The sub cooler 13a is installed close to 
the periphery (branched side from the ventilation pas- 
sage 21) in the secondary ventilation passage 15a. 
[0070] The primary ventilation passage 14a and 
14b, and also the secondary ventilation passage 15a 
and 15b, are symmetrically arranged about an axis per- 
pendicular to the rotating axis 7, respectively. The main 
cooler 12 and the sub cooler 13 differ in the cooling 
capacity and, according to this embodiment, the cooling 
capacity of the sub cooler 13 is smaller than that of the 
main cooler 1 2. Accordingly, the sub cooler 1 3 is smaller 
in size than the main cooler 12. The main coolers 12a 
and 12b. and also the sub coolers 13a and 13b, are 
symmetrically arranged about an axis perpendicular to 
the rotating axis 7. Viewing the machine from the out- 
side, the main cooler 12 and the sub cooler 13 are 
arranged in series along the axial direction on top of the 



machine, the sub coolers 1 3a and 13b are located on 
both ends along the axial direction, and the main cool- 
ers 12a and 12b are arranged between the sub coolers 
13a and 13b. Description on other composition is omit- 
s ted because it is similar to that of the previous embodi- 
ment. 

[0071 ] Hereunder, circulation of the cooling medium 
is explained. The cooling medium cooled by the main 
cooler 12a is circulated toward the fan 10 suction side 

io by the rotation of the fan 10, and cools the gap between 
the stator core 2 and the stator housing 1 in the ventila- 
tion passage 25, the stator core 2 inside in the ventila- 
tion duct 4, the stator core 2 inside and the rotor core 6 
outside in the air gap 5, and the end of the rotor core 6 

15 at the fan 10 side in the ventilation passage 20, sequen- 
tially. 

[0072] The cooling medium cooled by the sub 
cooler 13a is circulated toward the fan 10 suction side 
through the ventilation passage 19, and cools the end of 

20 the stator core 2 at the fan 10 side and the end of the 
stator winding 3. The two cooling medium flows cooled 
by each cooler and circulated separately are joined at 
the fan 10 suction side and circulated from the fan 10 
exhaust side toward the main cooler 12a, as they cool 

25 the ventilation passage 17, and then branched before 
the main cooler 12a into the cooling medium toward the 
main cooler 12a side and the cooling medium toward 
the sub cooler 1 3a side. 

[0073] On the other hand, the cooling medium 
30 cooled by the main cooler 12b is circulated toward the 
fan 1 1 suction side by the rotation of the fan 11, and 
cools the gap between the stator core 2 and the stator 
housing 1 in the ventilation passage 25, the stator core 
2 inside in the ventilation duct 4, the stator core 2 inside 
35 and the rotor core 6 outside in the air gap 5, and the end 
of the rotor core 6 at the fan 1 1 side in the ventilation 
passage 24, sequentially. 

[0074] The cooling medium cooled by the sub 
cooler 13b is circulated toward the fan 11 suction side 

40 through the ventilation passage 23, and cools the end of 
the stator core 2 at the fan 1 1 side and the end of the 
stator winding 3. The two cooling medium flows cooled 
by each cooler and circulated separately are joined at 
the fan 1 1 suction side and circulated from the fan 1 1 

45 exhaust side toward the main cooler 12b, as they cool 
the ventilation passage 21, and then branched before 
the main cooler 12b into the cooling medium flow 
toward the main cooler 12b side and the cooling 
medium flow toward the sub cooler 13b side. 

so [0075] According to the embodiment 7, because the 
secondary ventilation passage 15 branched before the 
main cooler 12 in the primary ventilation passage 14 is 
arranged to run in the machine and a sub cooler 13 is 
provided in the branched flow separately from the main 

55 cooler 12. the temperature increase distribution along 
the axial direction in the air gap 5, including the ventila- 
tion passage 20 and 24, can be equalized. 
[0076] That is to say, in a rotating machine where 
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the cooling medium cooled by the coolers installed on 
both ends of the machine is circulated by the single 
reverse-flow ventilation system, if heat load increases 
according as the generation capacity increases, tem- 
perature of the cooling medium increases before the 
cooling medium reaches the suction side of the fan. 
Accordingly, the cooling effect at the said area becomes 
low and local heat is generated along the axial direction 
in the air gap. 

{0077] According to this embodiment, however, 
because the secondary ventilation passage 1 5 
branched before the main cooler 12 in the primary ven- 
tilation passage 14 is arranged to run in the machine 
and a sub cooler 13 is provided in the branched flow 
separately from the main cooler 12, generation of local 
heat can be restricted and the temperature increase dis- 
tribution along the axial direction in the air gap 5, includ- 
ing the ventilation passage 20 and 24, can be 
equaled. As a result, the thermal vibration stroke of 
the rotor caused by uneven thermal elongation of the 
rotor along the axial direction can be controlled. 
[0078] According to the embodiment 7, a small sub 
cooler 13 having smaller cooling capacity than the main 
cooler 12 is arranged midway in the secondary ventila- 
tion passage 15. The reason for installing a small sub 
cooler 13 having smaller cooling capacity than the main 
cooler 12 as above is that because the sub cooler 13 is 
used to cool part of the cooling medium that has been 
cooled by the main cooler 12, its cooling capacity can 
be as small as the capacity of the cooling medium circu- 
lated in the secondary ventilation passage 15 and that 
higher cooling efficiency can be expected in this sys- 
tem. In addition, sharing the cooling performance leads 
to such advantage that the cooling capacity of the main 
cooler 12 itself can also be reduced. Because the sub 
cooler 13 is to be arranged in a smaller space than the 
space where the main cooler is installed, it must be 
smaller in size for smooth arrangement. 

[Embodiment 8] 

[0079] Fig. 9 shows the composition of a turbine 
generator according to the embodiment 8. This embod- 
iment, similarly to the embodiment 7, employs so-called 
single reverse-flow system, where the cooling medium 
cooled by a cooler is circulated in one direction from the 
stator core 2 outside to the air gap 5 through the venti- 
lation duct 4. 

[0080]. Because of this system, the primary ventila- 
tion passage 14 is arranged to run inside the machine, 
comprising the ventilation passage 17 from the fan 10 
efchaust side to the stator housing 1 inside, ventilation 
passage 18 between the stator core 2 outside and the 
stator housing 1 inside, including the outside of the end 
spaces of the stator core 2, the ventilation duct 4, the 
ventilation passage 19 consisting of the end spaces at 
the fan 10 side of the stator core 2, the air gap 5, and the 
ventilation passage 20 from the air gap 5 to the fan 10 



suction side. The main cooler 12 is arranged in the ven- 
tilation passage 18 that is opposite to the outside of the 
fan 10. 

[0081] The primary ventilation passage 15 is 

5 arranged to run inside the machine, comprising the ven- 
tilation passage 21 from the fan 1 1 exhaust side to the 
stator housing 1 inside, ventilation passage 22 between 
the stator core 2 outside and the stator housing 1 inside, 
including the outside of the end spaces of the stator 

10 core 2, the ventilation duct 4, the ventilation passage 23 
consisting of the end spaces at the fan 1 1 side of the 
stator core 2, the air gap 5 f and the ventilation passage 
24 from the air gap 5 to the fan 1 1 suction side. The sub 
cooler 13 is arranged in the ventilation passage 22 that 

is is opposite to the outside of the fan 1 1 . 

[0082] The primary ventilation passage 14 and the 
secondary ventilation passage 15 differ in length of the 
ventilation passage and, according to this embodiment, 
the length of the secondary ventilation passage is 

20 shorter than that of the primary ventilation passage 1 4. 
In addition, the main cooler 1 2 and the sub cooler 13 dif- 
fer in the cooling capacity and, according to this embod- 
iment, the cooling capacity of the sub cooler 13 is 
smaller than that of the main cooler 1 2. Accordingly, the 

25 sub cooler 13 is smaller in size than the main cooler 12. 
Besides, the main cooler 12 and the sub cooler 13 are 
arranged symmetrically about an axis perpendicular to 
the rotating axis 7. Viewing the machine from the out- 
side, the main cooler 12 and the sub cooler 13 are 

30 arranged in series along the axial direction on top of the 
machine, the main cooler is located on one end along 
the axial direction, and the sub cooler 13 is arranged on 
the other end along the axial direction. Description on 
other composition is omitted because it is similar to that 

35 of the previous embodiment. 

[0083] Hereunder, circulation of the cooling medium 
is explained. The cooling medium cooled by the main 
cooler 12 is circulated and branched into the ventilation 
passage 18 and the ventilation passage 19 by the rota- 

40 ton of the fan 10. The cooling medium circulated into 
the ventilation passage 18 cools the gap between the 
stator core 2 and the stator housing 1 in the ventilation 
passage 18, the stator core 2 inside in the ventilation 
duct 4, the stator core 2 inside and the rotor core 6 out- 

45 side in the air gap 5, and the end of the rotor core 6 at 
the fan 10 side in the ventilation passage 20, sequen- 
tially, and then it is circulated toward the fen 10 suction 
side. 

[0084] The cooling medium circulated in the ventila- 
so tion passage 1 9 cools the end of the stator core 2 at the 
fan 10 side and the end of the stator winding 3, and then 
it is circulated toward the fen 10 suction side. The two 
cooling medium flows are joined at the fen 10 suction 
side. The joined cooling medium is circulated, as it cools 
55 the ventilation passage 1 7, from the fen 1 0 exhaust side 
toward the main cooler 12, and cooled again by the 
main cooler 12. 

[0085] On the other hand, the cooling medium 
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cooled by the sub cooler 13 is circulated and branched 
into the ventilation passage 22 and the ventilation pas- 
sage 23 by the rotation of the fan 11. The cooling 
medium circulated into the ventilation passage 22 cools 
the gap between the stator core 2 and the stator hous- 
ing 1 in the ventilation passage 22, the stator core 2 
inside in the ventilation duct 4, the stator core 2 inside 
and the rotor core 6 outside in the air gap 5, and the end 
of the rotor core 6 at the fan 1 1 side in the ventilation 
passage 24, sequentially, and then it is circulated 
toward the fan 1 1 suction side. 
[0086] The cooling medium circulated in the ventila- 
tion passage 23 cools the end of the stator core 2 at the 
fan 1 1 side and the end of the stator winding 3, and then 
it is circulated toward the fan 1 1 suction side. The two 
cooling medium flows are joined at the fan 1 1 suction 
side. The joined cooling medium is circulated, as it cools 
the ventilation passage 21 , from the fan 1 1 exhaust side 
toward the sub cooler 13, and cooled again by the sub 
coglef 13. 

[0087] According to the embodiment 8, because the 
secondary ventilation passage 15 with shorter passage 
length than the primary ventilation passage 14 is 
arranged to run in the machine and a sub cooler 13 is 
provided in the ventilation passage separately from the 
main cooler 12, the temperature increase distribution 
along the axial direction in the air gap 5. including the 
ventilation passage 20 and 24, can be equalized. 
[0088] That is to say, in a rotating machine where 
the cooling medium cooled by the cooler installed on 
either end of the machine is circulated by the single 
reverse-flow ventilation system, if heat load increases 
according as the generation capacity increases, tem- 
perature of the cooling medium increases before the 
cooling medium reaches the fan located apart from the 
cooler (the other end inside of the machine). Accord- 
ingly, the cooling effect at the said area becomes low 
and local heat is generated along the axial direction in 
the air gap. 

[0089] According to this embodiment, however, 
because the secondary ventilation passage 15 with 
shorter passage length than the primary ventilation pas- 
sage 14 is arranged to run in the machine and a sub 
cooler 13 is provided in the ventilation passage sepa- 
rately from the main cooler 12, generation of local heat 
can be restricted and the temperature increase distribu- 
tion along the axial direction in the air gap 5, including 
the ventilation passage 20 and 24, can be equalized. As 
a result, the thermal vibration stroke of the rotor caused 
by uneven thermal elongation of the rotor along the axial 
direction can be controlled. 

[0090] According to the embodiment 8, a small sub 
* cooler 13 having smaller cooling capacity than the main 
cooler 12 is arranged midway in the secondary ventila- 
tion passage 15. The reason for installing a small sub 
cooler 13 having smaller cooling capacity than the main 
cooler 1 2 as above is that because the sub cooler 1 3 is 
used to cool the cooling medium to be circulated in the 



secondary ventilation passage which is shorter in length 
than the primary ventilation passage 14 where the main 
cooler 12 is installed, its cooling capacity can be as 
small as the capacity of the cooling medium circulated 
5 in the secondary ventilation passage 1 5 and that higher 
cooling efficiency can be expected in this system. 

Claims 

10 1. A rotating machine equipped with coolers for cool- 
ing the cooling medium charged inside the 
machine; said coolers comprising primary coolers 
which are arranged on both ends along the axial 
direction of the rotating machine and, at least, a 

is secondary cooler which is arranged between said 
primary coolers and smaller in size than said pri- 
mary coolers. 

2. A rotating machine equipped with coolers for cool- 
20 ing the cooling medium charged inside the 

machine; said coolers comprising multiple primary 
coolers which are arranged separately along the 
axial direction of the rotating machine and a sec- 
ondary cooler which is arranged between said pri- 
25 mary coolers and smaller in size than said primary 
coolers. 

3. A rotating machine according to Claim 1 or 2 
wherein the above stated coolers are arranged on 

30 top of the rotating machine. 

4. A rotating machine equipped with coolers for cool- 
ing the cooling medium which is circulated inside 
the machine by the rotation of a fan installed on the 

35 rotating axis; said coolers comprising two or more 
coolers installed in ventilation passage for said 
cooling medium, wherein, at least, part of the cool- 
ing medium cooled by one cooler is further cooled 
by another cooler. 

40 

5. A rotating machine equipped with coolers for cool- 
ing the cooling medium which is circulated inside 
the machine by the rotation of a fan installed on the 
rotating axis; said coolers being installed in ventila- 

45 tion passage for said cooling medium and compris- 
ing the primary cooler installed in the primary 
ventilation passage extending from the exhaust 
side of a fan installed on the above stated rotating 
axis to the suction side of said fan via the core and 

so the secondary cooler installed in the secondary 
passage that is branched from said primary ventila- 
tion passage. 

6. A rotating machine equipped with coolers for cool- 
55 ing the cooling medium which is circulated inside 

the machine by the rotation of a fan installed on the 
rotating axis; said coolers being installed in ventila- 
tion passage for said cooling medium and compris- 
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ing the primary cooler installed in the primary 
ventilation passage extending from the exhaust 
side of a tan installed on the above stated rotating 
axis to the suction side of said fan via the core, and 
the secondary cooler installed at a point of joint in 5 
the secondary ventilation passage that is branched 
from said primary ventilation passage and is joined 
with other ventilation passage midway at said point 
of joint. 

10 

7. A rotating machine equipped with coolers for cool- 
ing the cooling medium which is circulated inside 
the machine by the rotation of a fan installed on the 
rotating axis; said coolers being installed in ventila- 
tion passage for said cooling medium and compris- 75 
ing the primary cooler installed in the primary 
ventilation passage extending from the exhaust 
side of a fan installed on the above stated rotating 
axisjo the suction side of said fan via the core, the 
secondary cooler installed in the secondary pas- 20 
sage that is branched from said primary ventilation 
passage, and the tertiary cooler installed at a point 

of joint in the tertiary ventilation passage that is 
branched from said primary ventilation passage 
and is joined with other ventilation passage midway 25 
at said point of joint. 

8. A rotating machine equipped with coolers fa cool- 
ing the cooling medium which is circulated inside 
the machine by the rotation of a fan installed on the 30 
rotating axis; said coolers being installed in ventila- 
tion passage for said cooling medium and compris- 
ing the primary cooler installed in the primary 
ventilation passage extending from the exhaust 
side of a fan installed on the above stated rotating 35 
axis to the suction side of said fan via the stator 
core, and the secondary cooler installed in the sec- 
ondary ventilation passage extending from the 
exhaust side of the above stated fan in said primary 
ventilation passage to the inside of the above stated 40 
stator core via the above stated stator core. 

9. A rotating machine equipped with coolers fa cool- 
ing the cooling medium which is circulated inside 
the machine by the rotation of a fan installed on the 45 
rotating axis; said coolers being installed in ventila- 
tion passage for said cooling medium and compris- 
ing the primary cooler installed in the primary 
ventilation passage extending from the exhaust 
side of a fan installed on the above stated rotating so 
axis to the suction side of said fan via the stator 

. core, and the secondary cooler installed at a point 
of joint in the secondary ventilation passage that 
extends from the exhaust side of the above stated 
fan in said primary ventilation passage to the inside 55 
of the above stated stator core via the above stated 
stator core and meets other ventilation passage 
before reaching the above stated stata core. 



10. A rotating machine equipped with coolers for cool- 
ing the cooling medium which is circulated inside 
the machine by the rotation of a fan installed on the 
rotating axis; said coolers being installed in ventila- 
tion passage fa said cooling medium and compris- 
ing the primary cooler installed in the primary 
ventilation passage extending from the exhaust 
side ol a fan installed on the above stated rotating 
axis to the suction side of said fan via the stata 
core, the secondary cooler installed in the second- 
ary ventilation passage that extends from the 
exhaust side of the above stated fan in said primary 
ventilation passage to the inside of the above stated 
stata core via the above stated stator core, and the 
tertiary cooler installed at a point of joint in the terti- 
ary ventilation passage that extends from the 
exhaust side of the above stated fan in said primary 
ventilation passage to the inside of the above stated 
stator core via the above stated stator core and 
meets other ventilation passage before reaching 
the above stated stator core. 

11. A rotating machine accading to either of Claims 8 
to 10, wherein thermal insulation is provided to the 
ventilation passage extending from the exhaust 
side of the above stated fan in the primary ventila- 
tion passage to the inside of the above stated stator 
core. 

1 2. A rotating machine according to either of Claim 8 to 
10, wherein the above stated stata core is 
equipped along the axial direction with multiple ven- 
tilation ducts through which the cooling medium is 
circulated along the radial direction, and also the 
ventilation area per unit length of said ventilation 
duct is varied according to the ventilation direction 
of the cooling medium. 

1 3. A rotating machine equipped with coolers for cool- 
ing the cooling medium which is circulated inside 
the machine by the rotation of a fan installed on the 
rotating axis; said coolers being installed in ventila- 
tion passage fa said cooling medium and compris- 
ing the primary cooler installed in the primary 
ventilation passage extending from the exhaust 
side of a fan installed on the above stated rotating 
axis to the suction side of said fan via the stata 
core, and the secondary cooler installed in the sec- 
ondary ventilation passage that extends from 
before the above stated primary cooler in said pri- 
mary ventilation passage to the exhaust side of the 
above stated fan via the end of the above stated 
stator cae. 

14. A rotating machine equipped with coolers for cool- 
ing the cooling medium which is circulated inside 
the machine by the rotation of a fan installed on the 
rotating axis; said coolers being installed in ventila- 
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tion passage for said cooling medium and compris- 
ing the primary cooler installed in the primary 
ventilation passage extending from the exhaust 
side of the primary fan installed on one end of the 
above stated rotating axis to the suction side of said 5 
primary fan via the core, and the secondary cooler 
installed in the secondary ventilation passage, 
which is shorter in length than the above stated pri- 
mary ventilation passage, extending from the 
exhaust side of the secondary fan installed on the 10 
other end of the above stated rotating axis to the 
suction side of said secondary fan via the core. 



15 



S'' 20 



25 



30 



35 



40 



45 



55 



EP 1 005 139 A2 



FIG. 1 



EP 1 005 139 A2 

FIG. 2 



12a 33 13a 27 1 2 13b 34 12b 




7 29 945 64 9 32 7 



FIG. 3 



12a 33 27 1 2 13 34 12b 




EP 1 005 139 A2 



FIG. 4 




FIG. 5 



12a 33 27 13a 16 1 2 34 13b 12b 




EP 1005 139 A2 



FIG. 6 




7 29 39 5 46 937 



FIG. 7 




EP 1 005 139 A2 



FIG. 8 




FIG. 9 




(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(88) Date of publication A3: 

09.01.2002 Bulletin 2002/02 

(43) Date of publication A2: 

31.05.2000 Bulletin 2000/22 

(21) Application number: 99122774.5 

(22) Date of filing: 16.11.1999 



( ii) EP1 005 139 A3 

EUROPEAN PATENT APPLICATION 

(51) mtci7: H02K 9/04, H02K 9/18 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

^✓--Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 25.11.1998 JP 33367598 
17.03.1999 JP 7140899 

(71) Applicant: Hitachi, Ltd. 
Chiyoda-ku, Tokyo 101-8010 (JP) 

(72) Inventors: 

• Semba, Akitomi 

Hitachi-shi, Ibaraki 316-0032 (JP) 

• Sonobe, Tadashi 

Iwaki-shi, Fukushima 979-0146 (JP) 

• Watanabe, Takashi 
Hitachi-shi, Ibaraki 316-0032 (JP) 



• Yagi, Yasuomi 

Hitachi-shi, Ibaraki 316-0001 (JP) 

• Sato, Junji 

Hitachi-shi, Ibaraki 316-0001 (JP) 

• Hakuta, Shinsaku 
Hitachi-shi, Ibaraki 317-0061 (JP) 

• Mori, Hideaki 

Niihari-gun, Ibaraki 315-0055 (JP) 

• Tsuji, Eiji 

Hitachi-shi, ibaraki 316-0001 (JP) 

• Hattori, Kenichi 

Hitachi-shi, Ibaraki 319-1225 (JP) 

• Ishihara, Atsushi 
Hitachi-shi, Ibaraki 317-0065 (JP) 

(74) Representative: Strehl Schubel-Hopf & Partner 
Maximilianstrasse 54 
80538 Munchen (DE) 



(54) Cooling device for an electric rotating machine 



(57) In order to provide a rotating machine on which 
the temperature increase distribution inside the ma- 
chine can be equalized, the present invention intends 
not only to install the primary cooler 12 in the primary 
ventilation passage 14 that extends from the exhaust 
side of the fans 10 and 11 installed on the rotating axis 
7 to the suction side of the fans 10 and 11 via the core 



but to install the secondary cooler 13 in the secondary 
ventilation passage 15 that is branched from the primary 
ventilation passage 1 4, thus enabling to further cool part 
of the cooling medium, which has once been cooled by 
the primary cooler 12, by means of the secondary cool- 
er, that is, to cool the cooling medium by circulating it 
through the coolers twice. 
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